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EXECUTIVE SUMMARY

The objectives of the phytoplanktoh component of the Little Manatee River
project were to investigate phytoplankton species composition and production in
the estuary and to assess any limiting nutrient conditions and the potential for
eutrophication. Field collections for the phytoplankton study were done
simultaneously with water quality sampling between January 1988 and January
1989, At bi-weekly intervals, nutrienﬁs, salinity, light penetration,
chlorophyll a and phytoplankton counts were measured in the 0 ppt, 6 ppt, 12
ppt, and 18 ppt salinity zones plus Tampa Bay and Ruskin Inlet. Also, at all
stations except 6 ppt‘and Ruskin Inlet, primary production was measured on
incubated water samples and combinations of‘nitrogen and phosphorus were added

to assess nutrient limitation.

River flows during the study year were characterized by prolonged low flows
in the spring and'high flows in the summer, most notably a major flood during
September which flushed the entire river with fresh water and significantly
reduced salinity in Tampa'Bay. Light attenuation, expressed as extinction
coefficients, was greatest at the low salinity stations and lowest near the
mouth of the river. Extinction coefficients were positively related to
streamflow, being lowest during the spring dry period when color concentrations

in the river were reduced.

Chlorophyll a concentrations in the river showed a decreasing trend with
salinity with the greatest seasonal variation occurring at the low saiinity
stations (0 ppt and 6 ppt). Concentrations were generaily lower and less
variable in the 12 ppt and 18 ppt salinity zones. High river flows during
August and September reduced chlorophyll concentrations to their lowest values
throughout the estuary, but maximum concentrations were recorded at mbst
stations shortly thereafter during a period of decreased river flow which

allowed restabilization of the water column.

The phytoplankton community in the Little Manétee River and adjacent area
of Tampa Bay consisted primarily of a seasonally varying mixture of diatoms,

dinoflagellates, microflagellates and chlorophytes with a sporadic occurrence of

iii



blue-green algae. With the exception of a few dates, diatoms or micro-
flagellates were the dominant groups at all stations. Many algal species were
found to occur regularly tﬁroughout the estuary, suggesting that upriver
transport of bay water with accompanying cells occurs regularly. However,
pronounced spatial differences in species composition were observed in the
estuary and periodic blooms occurred at different times in the various salinity
zones. Diatoms were most consistently abundant at the Tampa Bay station where
they averaged 44.8% of total cell counts. Microflagellates were the co-dominant
group in the bay except during a late summer-fall bloom of the blue-green alga,
Schizothrix, which occurred in the bay and river after the September flood.
Microflagellates were generally the dominant group at all river stations,
particuiarly the intermediate salinity zones (12 and 18 ppt) and the low
~salinity zones during the summer. Estimates of total cell volume, however,
showed that this group of small, unidentified species usually comprised less
total volume than the diatoms. Of all the river stations, total phytoplankton
counts were highest for the 0 ppt salinity station., Diatom blooms were more
frequent at this station compared to intermediate salinity zones. Chlorophytes
were most abundant at this station with a maximum abundance of 7% of total cells
in late Sgptember. High phytoplankton counts and chlorophyll concentrations at
the O ppt station were most likely due to primary production within the upper

estuary since chlorophyll concentrations at the most downstream freshwater site

were consistently low. Chlorophyll and phytoplankton counts were reduced at the

0 ppt station during the summer, due possibly to flushing of the upper estuary
by medium to high river flows. Of all the study sites, total phytoplankton
counts were highest at the Ruskin Inlet station, a eutrophic, channelized inlet
to the river 2.5 miles above its mouth. At this station there was an almost
continuous presence of euglenoid flagellate species which are phagotrophic and

indicative of high organic particle loads.

Primary production rates in the river generally followed trends observed
for éhlorophyll concentrations and cell counts, with highest values occurring at
the 0 ppt station and progressively decreasing values found in the 12 ppt and
18 ppt salinity zones. In short-term (3 hour) experiments, enrichment of
samples from Tampa Bay and three river stations with combinations of nitrate and
phosphate did not show a consistent enhancement of photosynthesis. Additisns of

ammonjum to dark incubated samples gave results indicating that waters from
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Tampa Bay and the river could be considered nutrient sufficient or borderline
nitrogen-limited with regard to short-term photosynthesis. Ambient water column
concentrations of ammonium, nitrate and phosphate indicated that phosphorus was
always present in excess, while ammonium and nitrate concentrations varied

considerably and at times were at the limit of detection.

The results indicate that short-term phytoplankton production in the
estuary is not usually nutrient limited, but long-term nutrient limitation of
growth or biomass may occur. Ongbing second year experiments conduﬁted on
waters from the 12 ppt zone have shown that nitrogen additions alone can result
in dramatic long-term increases in chlorophyll levels. Although short-term
photosynthesis may not be limited with regard to ambient nutrient levels,
increased nitrogen loading should result in increased phytoplankton levels in

the estuary and the potential for eutrophication if such loading oceurs is high.



INTRODUCTION

The Little Manatee River project was designed as a
multi-disciplinary, multi-agency study of a woderately impacted
watershed in the Tampa Bay estuarine system. The first year of this

study was designed to provide basic information about the physical,

_chemical and biological components of the river that could be ‘used for

future management decisions.

The objectives of the phytoplankton component of this study'are to

~provide information on the seasonal and spatiél variation in species

composition and to conduct nutrient addition experiments to assess
potential nutrient limitation of this community and the potential for
eutrophication in the Little Manatee River.

METHODS

‘Water samples for phytoplankton abundance and species composition
were collected twice monthly at 5 locations in the Little Manatee River
and at a station in Tampa Bay, approximately 2.3 miles northeast of the
mouth of the river (Fig. 1). Additional water samples for determining
the effect of nitrogen and phosphorus additions om carbon-l4 uptake by
these same populations were taken at 3 of the river stations and at the
Tampa Bay station, Tampa Bay and Ruskin Inlet, in the Little Manatee
River, were the only fixed locations. Ruskin Inlet is a channelized
inlet off the Little Manatee River which 1s surrounded by urban
deﬁelopment (Fig. 1). The remaining station locations were determined by
saliﬁity so their geographic location varied throughout the year (see
Table 1). Phytoplankton . abundance and species composition were
determined at the following locations and salinity zones: Tampa Bay, 18
o/oo, 12 °/00, 6°/00, Ruskin. Inlet, and O °/00. Samples from two
stations, the mouth of the river and 9%/00 , were collected on the first
two sample dates (1/26/88 and 2/10/88) but were not sampled thereafter.
Two other salinity zomnes, 12°/oo aﬁd 6°/oo replaced these two earlier
stations. Results from the mouth and 9°/00 will not be discussed in
this report. Nutrient effects on carbon-l4 uptake were determined at

Tampa Bay, 12 ®/oo, 6 °/oo and 0 °/oo.



Replicate surface samples were taken at each location. Subsamples
for ome cell count and species composition and carbon-14 uptake were
taken from the first replicate after screening the water through a 153
um Nitex mesh net to remove detritus and larger zooplankton, The second
cell count sample was taken from the second replicate after screening
through the same Nitex mesh., Subsamples for counts and composition (100
ml) were preserved in the fleld with 2% (final concentration)
neutralized formalin and kept dark and cold for transport to the
laboratory, Subsamples for carbon-14 uptake were kept at field
temperatures, in the dark, for transport to the laboratory, usually
within two hours after collection. These samples were normally
processed within 1-2 hours after return to the laboratory. The same set
of replicate water samples was also used by others (SWFWMD, Brooksville
Laboratory). for the determination of dissolved nutrients (nitrate,
ammonium, phosphate, silicate) and particulate carbon, nitrogen and
phosphorus. Methodology for these analyses can be found in their
report. Chlorophyll-a concentrations were determined by FDNR, FMRI, St,
Petersburg Laboratory, on each of the replicate surface samples.
Chlorophyll was determined spectrophotometrically and concentrations
were calculated using two methods: The Lorenzen method (Lorenzen, 1967)
which accounts for fhe presence of phaeopigments, and the standard
Jeffrey and Humphrey equations (Jeffrey and Humphrey, 1975) which does
not. Both values have been used in this report. Seasonal chlorophyll
cycles are depicted using the Jeffrey and Humphrey calculation since
there were several sample dates which were not available from the
Lorenzen calculation and because the Jeffrey and Humphrey values more
closely reflected the seasonal variations 1in species counts.
Chlorophyll coﬁcencration-based on the Lorenzen method is, however, used
in the calculation of the productivity index. Since carbon-l4 uptake
only occurs in 1living phytoplankton, the Lorenzen calculation, which
corrects for chlorophyll degradation products associated with dead
cells, yields an accurate representétion of primary production. When
Lbrenien chlorophyll values were not available, the productivity index
was calculated using the Jeffrey and Humphrey value and will be noted in
the text,



A single count for phytoplankton abundance and species compostion
was made on each of the replicate samples using a Sedgewick-Rafter
counting chamber (1 ml volume) on an Olympus phase contrast microscope.
Three to seven longitudinal'paths were counted depending upon abundance;
microflagellate counts are based on a single path. Thus 25-50% of the
chamber volume was counted. Periodic determinations were made for the
cunulative number of species identified by counting additicnal paths.
The first path accounted for 50-68% of the total species while 83-95%
were found within 3 paths. Cell size measurements were made on as many
species as feasible. A total éf 43 species or groups had shapes which
would vyield measurements applicable to geometric formulae for

calculation of cell volume (ums) and cell surface area (umz). Cell size

measurements were made microscopically and with an Image Analyzer

System,

The effects of nitrogen and phosphorus additions on the potentiél
bhotosynthetic rate,‘as measured by carbon-14 uptake, was assessed by'
partitioning the subsample of ‘the first surface replicate into 60 ml,
acid cleaned, glass bottles, Nitrogen (N) and Phosphorus (P), as

'nitrate and phosphate, were added to each set of duplicate botties as

follows: O N and P; 5 uM N, OP; ON, 2 uM P; 5 uM N, 2 uM P. In

- addition, 5 uM N as ammonium was added to 2 additional darkibottles to

determine the effect of N-enhanced dark carbon-14 uptake. An additional
set of duplicate bottles from the O ®/oo station were used as initial
bottles (zero-time controls). This station was chosen since it normally
had the highest pafticulate load. The initial bottles were filtered
immediately after the addition of one microcurie of carbon-14 to
deternine the effect of adsorption and could also be used to correct the
light botﬁle ubtakg rates if dark bottle uptake was high (Carpenter and
Lively, 1980)., However, dark bottle (without added ammonium) rates were
always 10Z or less of the light bottle uptake. Therefore all uptake
rates were corrected using dark bottle counts. The initial bottle
counts were nbt used. One microcurie of carbon-14 was added to the
remaining bottles aﬁd they were incubated at 300 uE m.2 a‘-1 for 3 hours
at the a?erage ambient river temperature. ‘Tempetature was controlled by
a circulating water bath., After incubation each bottle received 1 ml of
a 10-5 molar DCMU solution to stop further carbon uptake (Eppley and



Renger, 1974; Bienfang and Szyper, 1981). _Samples were then filtered

onto 0.4 um Nuclepore filters, dissolved in a suitable tissue solvent,
and after the addition of a scintillation cocktail, counted in a T™
Analytic scintillation counter. Counts were corrected for quench and
DPM (disintegrations per minute) calculated using a known standard and
the external standard ratio method. Carbon uptake was then calculated
by the appropriate equations in Strickland and Parsons (1972). Total
carbonate in the sample, which is required for the calculation of carbon
uptake, was determined on an Oceanography International Total Carbon
Analyzer using triplicate 0.5 ml subsamples of the water used for
measurement of carbon-14 uptake.

In addition to the above samples and analyses, light measurements
were made at all stations. A Li-Cor quantum sensor was used to obtain
irradiance readings of Photosynthetically Active Radiation (PAR, 400-700

“nm) at the surface and approximatelﬁ 0.5 m intervals throughout the
water column with a final measurement as close to the bottom as
practical, An extinction coefficient (k) was determined from these

readings as the slope of an exponential curve fit of the data.
RESULTS
Station Locations

The Tampa Bay and Ruskin Inlet stations were the only fixed
locations .sampled during this study (see Fig. 1 and Table 1), The Tampa
Bay station was located approximately 2.3 miles northeast of the mouth
of the Little Manatee Biver, with Ruskin Inlet approximately 2.5 miles
eastward from ‘;he_ mouth. All other river stations were sampled as
regions of constant salinity, therefore their geographical locations
varied throughout the year (Table 1), Thus, the 18%/00 and 12°/00
salinity zones were occassionally located outside the mouth of the river
in Tampa Bay (Table 1). During periods of high river discharge (see
Fig. 2; e.g. August 30 and September 8, 1988) all salinity zones were
located at the mouth of the river or in Tampa Bay. All salinity zones

'showed a wide geographic variation in their respective locations (Table

.



Salinity

The seasonal cycle of salinity at Tampa Bay and Ruskin Inlet
(Figs. 3 and 4), for those dates when salinities are available, is
related to variations in river flow (see Fig. 2). Reduced salinity at

both locations in March, July, August and September correspond to

periods of increased river flow.  Low river flow during spring and early
summer yielded steadily increasing salinity at Ruskin Inlet with values
greater than 200/00 in late June and early July., The series of
increases and decreases in salinity with a frequency of 2-4 week
intervals at Ruskin Inlet during the fall and winter of 1988 and 1989
also correspond to variations in river flow. Salinities increase within
the 2-week sampling time-frame which suggests relatively rapid mixing
with higher salinity water from the rivér or Tampa Bay. »

Temperature

_ All 1locations show a similar seasonal cycle ‘énd range of
temperature (Figs. 5 and 6). Raﬁid reduction in temperaturev during
March and September correspond to periods of ~high river. flow and
increased runoff whereas the decline noted at all 1locations 1in
Novemwber/December was not associated with riverflow, Winter minima at
all locations was 14°C with summer maxima of approximately 30°C. The
variation in temperature at any location for a particular sample date

was generally within 1 to 2 degrees.

Extinction Coefficients

Extinction coefficients are calculated as the "slope of an
exponential curve fit to the fraction of light reaching a given depth
versus depth, Therefore, the slope of the line will be higher if light
is attenuated rapidly. Clear, particle free water will have a low

exticntion coefficient. - The values are given a negative numbers since

" they have a negative slope however, a high negative'number (L.e. -2.5

vs. -0.3) indicates a high extinction coefficient and turbid water.



Annual mean values for the extinction coefficient of 1light
attenuation in the water column increase from the lowest value in Tampa
Bay to the highest at the fresh-water station at the head of the river
(Table 2). The 18°/00 station had the lowest value for all river
stations which corresponds to its ranking for total cell counts and
chlorophyll concentrationm,

Seasonal cycles for light attenuation at all stations are seen in
Figs. 7 to 12, All stations show considerable variation that can be
related to both streamflow and phytoplankton biomass as chlorophyll.
Streamflow alone does not control the extinction coefficient except in a
general sense. Lower values (deeper light penetration) occur during the
April to early July period of low, constant river flow (see Fig., 2)
- whereas values at the LMR stations increase during periods of high river
flow (August - September). This is particulary true for the 0°/00 and
Ruskin Inlet stations where maximum extinction coefficients coincide
with periods of increased stream flow.

The annual mean extinction coefficients at 4 of the LMR stations
can be related to the annual mean chlorophyll concentration (Fig. 13).
The relationship fits an exponential curve with an r2 = 0,99, Tampa Bay
and Ruskin Inlet show annual mean coefficients that are lower for a
given chlorophyll 1level than corresponding LMR stations, Extinction
coefficients for Tampa Bay and Ruskin Inlet were plotted against the
Jeffrey-Humphrey chlorophyll values for each saﬁple date to determine if
a relationship existed. A linear relationship gave the best fit between
the two parameters for Tampa Bay (Fig. 14), however, the correlation
coefficient of rz = 0,60 (deleting the October 11 data point) suggests
that factors other than phytoplankton biomass (e.g. sediment
resuspension or water color) were contributing to the observed light
attenuation. No relationship was found between the calculated
extinction coefficient and chlorophyll at Ruskin Inlet (Fig. 15). The
calculated line in that figure is the same as the seasonal average
(1.91, Table 2). Therefore, as 1in Tampa Bay, factors other than
phytoplankton biomass determine the extinction coefficient.

Based>on the annual average extinction coefficient, the calculated
depth of the 1% light level ranges from 1.59 to 4.0 meters for the 0°/o0o
and Tampa Bay statiohs, respectively. Since the bottom depth at most



all stations is 2.5m or less, all locations should have an autotrophié
water columm. -The variation in percent of surface irradiance at each
location for each sampling date confirms this (Table 3). Although the
0°/oo location had less than 1% surface irradiance on 9 of 26 sample
dates, the annual average extinction coefficient (Table 2) suggests that

the water column at this salinity zone will be completely autotrophic.
Chlorophyll a seasonal cycles

All seasonal cycles of chlorophyll a (Chl) shown in Figs., 16 to 22,
are based on the values determined by the Jeffrey-Humphrey calculation.
In Tampa Bay the seasonal cycles can be characterized by winter minima
(concentrations less than 6 ug 1-1, January to March, 1988 and
November-December, 1989) with summer-fall maxima. Conceﬁcrations ranged
from less than 1 ug 1-1 to approximately 34ug 1—1 (Fig. 16), During the
period of June through August, coﬁcentrations remained relatively
constant at 10 to 15 ug 1-1. The minimum that occurred on September 8,
1988 coincides with periods of high river flow (Fig. 2) and reduced
salinity (Fig. 3). The September- October chlorophyll maximum
corresponds to a period when river flow stablized after the early
September flow maximum, At this time a bloom of the blue-green alga,
Schizothrix sp. occurred in Tampa Bay and the LMR (see below). The
annual mean chlorophyll a concentration was 7.46 ug 1"1 and ranked fifth
among the 6 stations (Table 1). .

' Chlorophyll concentrations at 18 /00 were generally lower than in
Tampa Bay with a maximum of 10 ug 17! occurring in May (Fig. 17).
Winter values were similar in magnitude to Tampa Bay with relatively
constant concehtrations during June and July. The September-October
maximum seen in Tampa Bay did not occur at this salinity zone although
Schizothrix was present. This salinity zone was found in Tampa Bay from
August 30, 1988 tﬁtough December 8, 1988 and at the specific location of
the Tampa Bay station on September 22 and October 11 (see Table 1).

vTheréfore, chlorophyll values assigned to Tampa Bay for these dates in

Fig. 16 can also be interperted as occurring at the 18%/00 salinity

zone., However, they were not included in calculating the annual



averages listed in Table 2. The annual mean concentration of 4.27 ug
17! was the lowest of the 6 stations sampled (Table 2).

At the 12 o/oo salinity zone, chlorophyll concentrations displayed
a cycle that differed from Tampa Bay and 18 °/oq with a maximum in
early July (Fig. 18). VWinter minima were followed by relatively
constant levels (10 ug 1-1) during April and May. A series of
short-lived blooms occurred during August and September. This salinity
zone also occurred at the specific location of the Tampa Bay station on
September 8, 1988 (see Table 1), Schizothrix was present at this
salinity on that date. Chlorophyll values assigned to Tampa Bay can
therefore be interperted as occurring at this salinity zone. The annual
average chlorophyll concentration at this salinity zonme was '

9,41 ug 1-1 and ranked fourth among the 6 stations (Table 2),

The seasonal cycle of chlorophyll at 6 o/oo (Fig. 19) differs from
all other stations with the exception of the August-September wminimum
that corresponds to the period of high river flow. This salinity ione
can best be characterized by a series of blooms with a periodicity that
varies from semi-monthly to monthly. The annual maximum occurred in May
when the phytoplankton community was dominated by microflagellates and a
small Cyclotella sp.. This species was also found at the Ooloo salinity
zone on this date, The annual average chlorophyll concentration was
13.63 ug l_l, which ranked third highest of the 6 stations (Table 2).

Chlorophyll concentrations at Ruskin Inlet (Fig. 20) also display a
cycle which indicates that a series of blooms occurred with‘about al
month frequency. The August-September flushing event also reduced
chlorophyll levels at this station. Chlorophyll concentration increased
rapidly after the flushing event to the annual maximum of 50 ug 1-1 in
early_November;_ This peak occurred about one month later than in Tampa
Bay. Chlorophyll concentration fluctuated between 10 and 25 ug l-1

during the rest of the year with an annual average of 17.79 ug l_l
(Table 2).

' Thé 0 °/oo salinity zone had the greatest annual range of
chlorophyll concentrations, varying from approximately 1 ug 1—l during
the August-September flushing event, to a maximum exceeding 60 ug 1_1 in
late October when river flow stablized (Fig. 21). Minimum values were

found in January 1988 and 1989 and during August-September 1988, The
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annual average was 18.32 ug 1'"1 which was the highest of all IMR
stations and Tﬁmpa Bay (Table 2). The seasonal chlorophyll cycle.at
this salinity zone can also be described as a series of short-lived
blooms with concentraﬁions seldom falling below 10 ug 1-1.

Chldrophyll concentrations from the Wimauma station on the Little
Manatee River are included in this report for comparison‘with the 0%/o0

and other Little Manatee River salinity =zones ‘(Fig.22). They were

- obtained from Mr. Sid Flannery, SWFWMD. Althought there are a

considerable number—of missing values, the general trend at Wimamuma
appears to be a series of short-lived blooms with approximately a
monthly periodicity. The outstanding feature of the seasonal cycle at
tﬁis location is the low chlorophyll concentrations. The maximum that

1 with most other values less

occurred in late July was less than 8 ug 1
than 4 ug 1-1. Therefore, the chlorophyll concentration at Wimauma was
considerably less than that recorded at the freshwater salinity zome
(0°/00) and at the 18°/co salinity zone; the region with the lowest
annual average for the River. Elevated chlorophyll cohcentrations at the
OO/oo zone therefore were the result of phytoplankton growth between
Wimauma and Oo/oo rather than transport from Wimauma, which 1is
considerably east of the 0%/00 salinity zone.

In general terms, the period of increased river flow in August and
early September reduced chlorophyll concentrations at all LMR stations
and Taﬁpa Bay to their annual minimum, Major blooms developed at 3
stations (Tampa fay, Ruskin Inlet and 0O o/oo) shortly thereafter, dﬁring
a period of decreasing river flow (Fig. 2) which should allow
restablization of the water column. At all other times of the year, the
seasonal cycle of chlorophyll at all LMR stations can be characterized
as a series of blooms with a semi-monthly to monthly frequency that show

little relationship to river flow characteristics,

Numerical abundance and composition

Tampa Bay

Elevated numerical abundance in January and February, 1988 (Fig.
23) ‘'was not reflected in the seasonal chlorophyll cycle (Fig. 16).
Diatoms, primarily Skeletonema costatum, dominated during this period

9



and into March (Fig. 24 and 25). Low and essentially constaﬁt total
population density occurred during the period of low river flow from
March through mid-June (Fig. 22) which did not reflect the variable and
elevated chlorophyll levels measured dufing that time period. The bloom
that occurred at the end of June was dominated by the diatom

Thalassionema nitzschoides, while S. costatum and Nitzschia pungens, a

chain forming pennate diatom, were dominant during the July 28, 1988
peak of abundance. Diatom abundance decrease during spring and
displayed an inverse cycle with microflagellate populations (Fig. 24).
The two groups contributed greater than 807 of the total population
throughout most of the year. Exceptions to this generalization occurred
during the period of high river flow during August-September, 1988 and
September~October when the blue-green alga, Schizothrix sp. became the
numerical dominant (Fig. 24 and 26), This latter bloom coincided with
the annual chlorophyll maximum (Fig. 16). Schizothrix first appeared in
early August when river flow increased (Fig., 2) and salinity decreased
(Fig. 3) and persisted to the first November sampling. This blue-green
alga was present throughout Tampa Bay during this period (COT, pers.
comm, )

Dinoflagellate populaﬁions were present throughout the year (Fig.
27) but never represented more than. 57 of the total abundance.

Prorocentrum micans was the major contributor to the total population

during March and April, 1988, Chlorophytes were rarely present in Tampa
Bay although five species were noted during the August-September period
of high river flow and reduced salinity (Fig. 27). Other groups (Fig.

28) were minor components of the phytoplankton community.
18°/00 Salinity Zone

The seasonal cycle of phytoplankton abundance at this salinity zone
is distinct from Tampa Bay and all other river stations. Total
abundance at this salinity zone ranked sixth (Table 2) with an annual
mean of 2808.8 cell 1:11-1 which, as with chlorophyll, was the lowest'rank
for a river location. Peaks in abundance occurred in March and July
(Fig. 29). The maximum in September reflectgs counts obtained for Tampa

Bay when the 18°/o0 éalinity zone was located at this station. No

10
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chlorophyll data is available for the March déte, vwhile the July maximum
corresponds.” to. a slight increase 1in chlorophyll. Both peaks 1in
numerical abundance correspond to increases in the population of
microflagellates (Fig. 30), which-accounted for 94%Z and 887 of the total
populations in March and July, respectively. With the exception of the
January-March, 1988 period when diatoms contributed more than 707 of the
total numerical abundance, microflagellates dominated numerically at
this salinity zone (Fig. 30). Two short-lived diatom pulses occurred in
May and July, respectively (Fig. 30). The May 1ucrease was due to

Ceratulina bergonii while S. costatum was the most abundant diatom in

July (see Fig. 25). Dinoflagellate populations {ncreased in March-April
but contributed less than 4% of the total abundance (Fig. 31). Two

Peridinium species, Peridinifum sp., and Peridinium aciculiferum, along

with Prorocentrum micans were responsible for this peak, although cell

counts were only in the range of 20-40 cells ml-l. The August-September
bloom of the blue-green alga, Schizothrix sp. was noted at this station
and accounted for 47% of the total in September with populations of more
than 10,000 filaments ml " (Fig. 26 and 30). Populations of
Chlorophytes were greater and occurred more frequently than in Tampa Bay
but never accounted for more than 1.2%7 of the total population (Fig.
31). Others, such as silicoflagellates and Pyramimonas were present
occassionally but never contributed more than a few percent of the total

numerical abundance (Fig. 32).

12°/oo Salinity Zone

The annual cycle of total phytoplankton abundance at the 12%/00
salinity zone can be characterized as a series of peaks that vary widely
in magnitude oﬁer the tvd week sampling interval. From March, 1988
through June, there 1s little correspondance with the annual chlorophyll
cycle (compare Figs. 18 and 33). Following the July peak of maximum
abundance however, the fluctuating cycle is reflected in chlorophyll
concentration. This July maximum can be attributed to a bloom of an
unknown naked dinoflagel}ate‘ which, unfortunately, burst upon
preservation and could not be identified alfhough it contributed 26.5%
of the total cell numerical abundance (Fig. 35).

11



Microflagellates dominated this station numeriéally throughout the
year (Fig. 34) with the exception of the October 11 sampling date. 1In
September, Schizothrix sp. was the numerical dominant (Figs. 26 and 35)

while populations of three diatom species, S. costatum, Chaetoceros

subtilus and Leptocylindrus minimus, combined to account for 60% of the

total abundance on October 11 (Figs. 25 and 34). However, this October
increase was not characferistic of this station where diatom populations
contributed less than 30% of the total community abundance during the
annual cycle. Chlorophytes increased in their frequency of occurrance
(Fig. 36) but were also a minor component of the community. The maximum
in Chlorophytes as a fraction of the total population that occurred in
early March was the result of 6 species being present. The phagotrophic
Euglenoid flagellate, Eutreptia sp. was the dominant chlorophyte on that
date with populations of 28 cells ml-l. ‘

Total numerical abundance at this salinity zone ranked fifth lowest
of the six stations sampled with an annual average of 3260.8 cells ml.1

(Table 2).
6° /00 Salinity Zone

Sampling at this station for cell counts began in April. However,
the April 6 sample was not counted in request for a bottom sample count
at 12°/00 and the April 20 samples from all stations were lost as a
result of incomplete preservation. Therefore the annual cycle of
phytoplankton abundance for this salinity zone begins in May, 1988.

The general trends of total numerical abundance (Fig. 37) resemble
the annual chlorophyll cycle (Fig. 19) with a maximum in May, lower

population density during late summer (August-September) and a series of

peaks in October, November, and January, 1989. Two diatoms, S. costatum

and S. costatum combined with Thalassiosira pseudonana were the primary

diatom species responsible for the October and December peaks,
reépectively (Fig. 38 and 39), although the cell count for the December
péak‘was less than 1000 céll ml-l. However, microflagellate populations
were the numerical dominants throughout most of the year at this

salinity zone (Fig. 38). Peridinium aciculiferum, was the species

responsible for the increased dinoflagellate contribution to the

12
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community during June and July (Fig. 40). Schizothrix was also found

._at this salinity zone with a population maximum at the end of September

(Fig. 40 and 41), but represented a lower percentage of the total
abundance than at higher salinity zones., On September 8 this salinity
zone was located just outside the mouth of the river but by the next
sample date, September 22, it was located 4.1 miles upstream (Table ).
Schizothrix was first found on September 8 followed by a population
increase on September 22. The seed population could have been entrained

in this 1lower salinity water and with subsequent growth between

September 8 and 22, prbduced‘ the elevated population.. Alternately,

since the bloom started in Tampa Bay following the major salinity
reduction Iin August, and it was found at all higher salinity 2zones,
entrainment from Tampa Bay by tidal mixing is more likely.

Fresh -water specieé of chlorophytes showed an increased frequency
of occurrance at this sélinity zone although their contribution to the
total communitj abundance was still less than 2,5% (Fig. 42). Peaks 1in
their percent contribution to the total cowmunity in May and mid-June
were due to two different Scenedesmus species, while a mixture of 6

species contributed to the August peak. Akistrodesmus falcatus was

responsible for the “October maximum and Euglenoid flagellates were
prevaient in December-January, 1989. Transport of these freshwater
species from upstream regions probably occurred. Although they were
identiffed 1in preserved samples, they had the appearance of being live
cells at the time of collection. The annual average was 4314 cells ml-l

at this salinity zone ranked fourth in total abundance.
0°/00 Salinity Zone

Generally, the annual cycles of tdtal phy;bplankton numerical
abundance and chlorophyll concentration showed similar trends at this
fresh-water station (Figé. 43 and 21). There is a relative consistency
in total numbers throughout thé_year with a major bloom during the first
sampling in October which corresponds to elevated populations of the
diatom S. costatum (population density greater than 30,000 cells ml_l,
Fig. 39). Populations of two Cyclotella spp. were responsible for the
continued dominance of diatoms during the second October sample (Fig.
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44) which coincided with the chlorophyll maximum noted on that date
(Fig. 21). Mieroflagellates represented a greater proportion of the
community from March through September énd either co-dominated or showed
an inverse relationship with diatom abundance at other times (Fig. 44).
Cﬁlorophytes represented a greater percéntage of the total
population at this fresh-water station than at all other stations with a
maximum of approximately 7% in late September (Fig. 45). Populations of
Akistrodesmus, at 40 to 50 cells ml-l, were the most abundant

represenfatives of the Chlorophyta on this sampling date. The
blue-green algaé, Schizothrix sp., did not penetrate to this salinity
zone. Blue-green algae (e.g. Merismopedia sp.) were relatively rare but
always present (Fig., 45). Other groups (Fig. 46) made up less than 1%
of the total phytoplankton community. Despite the major October bloom
with population levels of greater than 35,000 cells ml-l, the annual
average for this station was 4712.1 cells ml.'1 which ranked third among
the six stations (Table 2).

Ruskin Inlet

The annual cycle of abundance at Ruskin Inlet closely resembles
that of 0°/oo with a relative consistency in total numbers throughout
the year and a major peak in abundance in early October (Fig. 47). The
cycle of abundance did not entirely reflect the seasonal cycle in
chlorophyll concentration (see Fig. 20). Maximum abundance occurred on
October 11 whereas the chlorophyll maximum occurred on November 7.
Other chlorophyll peaks in February and April are mirrored by cell
counts but the July chlorophyll peak occurs one sample date after a péak
in abundance. No good explanation can be offered for this
dissimilarity. v

The annual average of total phytoplankton was the highest of all
stations at 939l.1 cells ml_l, almost double that uoted for the
fresh-water station and 3-fold greater than at 18°/00 (Table 2).
Microflagellates and diatoms show a complex seasonal pattern of
numerical dominance with inverse shifts at about monthly intervals (Fig.
48).
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Skeletonema costatum occurred throughout the year at this station

and -was responsible for the October maximum with populations that
exceeded 80,000 cells ml-1 (Figs. 39 and 48)., This species, combined

with a small unidentified Thalassiosira speciles, was responsible for the

continued numerical,dominance of diatoms through November (Fig. 48).
The S. costatum bloom on October 11 did not coincide with the annual
chlorophyll maximum on November 7. Although S. costatum was the
numerical dominant on November 7, its' population densi;y had decreased
to 12,000 cells wl”l.  This S. costatum bloom did not coincide with
August-October Schizothrix bloom in Tampa Bay. This blue-green alga
occurred in Ruskin Inlet from August through September (Figs. 41 and 50)
but was reduced to trace population levels at the time of the 8.
costatum bloom,

Of particular interest is the almost continuous presence of
chlorophyte populations, especially the Euglenoid flagellates, Eutreptia
and Euglena spp. which are phagotrophic and associated with high organic
particle loads. These two genera contributed approximately 20% of the
total abundance during January, 1988, July, and January, 1989 (Figs. 49
and 52). Similarly, dinoflagellate populations were continuously
present in Ruskin Inlet, although at low population levels. The
dinoflagellate bloom. in early Febuary, which accounted for almost 807 of
the total abundance (Fig. 49) was due to a naked species which'Burst
upon preservation, A bloom of a species which sﬁowed the same
characteristics upon preservation occurred at fhe 12°/oo salinity zone
in July, 1988. The minor peak in dinoflagellate abundance in April

(Fig. 49) resulted from the increased abundance of Prorocentrum minimum,

This species was present at Ruskin Inlet and all other stations at low
(less than 50 tell(ml-l)'pOpulation levels (Figs., 53 and 54), It is a
known red-tide species in other areas (e.g. Chesapeake Bay) and may be
responsible for fish-kills, ' There have been anecdotal reports of
red-water in Ruskin Inlet, but our sampling program did not appeaf to
coincide with a bloom of this species.

Although Schizothrix sp. was found at Ruskin Inlet during the
August-September blue-gréeh bloom period (Fig. 41), it was not the
numerical dominant for this group during the August peak noted in Fig.

50. Merismopedia punctata was the major contributor {in August, while
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Schizothrix and Nostoc sp. (trichomes) combined to contribute 4% of the

total population density in September. The population density of
Schizothrix at Ruskin Inlet was considerably lower than at any other
River salinity zone (compare Figs.‘26 and 41). Although the presence of
this species suggests that transport from Tampa Bay occurred, the low
population levels indicate that competition from other species or

environmental conditions were not favorable for growth,
Phytoplankton community composition in relation to salinity

Variation in the phytoplankton community composition, as indicated
by changes in the contribution made by several groups to the total
abundance, at the various fixed stations and salinity zomes of the LMR
for each sampling date i1s depicted in Figs. 55 to 79. Several
generalities are evident. Diatoms and microflagellates contribute a
greater percentage of the total phytoplankton abundance throughout the
year than all other groups combined. The only exception to the dominance
of these two groups occurred during September, 1988 at all locationms
except 0°/00 when the Schizothrix bloom occurred in Tampa Bay and the
LMR. Microflagellates become increasingly important at all river
stations 1in spring and are the numerical dominants throughout the
summer, and with the exception of one or two stations on varying sample
days, they are the numerically dominant group during the August-October
Schizothrix bloom.

It 4is difficult to discern a consistent pattern in total
phytoplankton counts from Tampa Bay up-river to zero salinity (Figs.
80,81), although the average total counts for each station and salinity
zone (Table 2) suggest a trend with highest populations in the Bay,
‘reduced abundance at 18%°/oo and gradually increasing abundance upstream.
Ruskin Inlet, although it had the highest annual mean total count ig not
included because it 1is a eutrophied arm of the river., Diatom
populations were more abundant in Tampa Bay than at- any of the LMR
locations (Figs. 82,83) comprising an annual average of 44.8% of the
total phytoplankton counts. Diatom populations varied from a minimum of
17.5Z of the total counts at 12%/00 to 31.4% at 0°/oo. Microflagellates

were therefore the numerically dominant group at all river locations
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with annual means that ranged from 64.8% of the total counts at Oo/oo to
76.12 at 120/06. In Tampa Bay, microflagellates comprised an annual

average of 43.97 of the total count. These values are reflected in

'Figs. 84 and 85 and in Table 4 which summarizes the annual mean

abundance for species and groups that occurred on 13 or more sampling
dates. The annual mean, median aﬁd range of abundance for all speciles
idenﬁified, irregardless of location is presented in Appendix Table 3.

Total counts for eéach major group arranged by location for each sampling
date are summarized in Appendix Table 4 and the same information
arranged by sampling date for each location 1is in Appendix Table 5, The
combination of diatoms and microflagellatés represented é range of 86.6%

to 96.2 Z of the total phytoplankton abundance at all stations.  Several

diatom species occurred at all stations; Skeletonema costatum, Nitzschia
closterium, Nitzschia longissima, Thalassiosira pseudonana and
Chaetoceros subtilus (Tables 4,5 and Figs. 25,39,92 and 93). 8.

costatum and the two Nitzschia spp. .show a ©broad euryhaline
distribution. The presence of 5. costatum at 0°/00 1s unusual as is

discussed later. Chaetoceros subtilus (Figs. 92,93) however, occurred

more frequently at intermeadiate salinities (12 and 6°/oo, Table 5) than

at higher = salinities, Diatoms such as Chaetoceros socialis,

Leptocylindrus minimus, Certaulina bergonii, Asterionella glacialis and

Thalassionema nitzschoides occurred more frequencly at higher salinities
(Table 5).
Although dinoflagellates (Figs. 86 and 87) were never abundant in

the Bay or the LMR, several specles were present at all locatioms.

Prorocentrum minimum, Peridinium aciculiferum and Gymmnodinium spp. were

found at ali salinity zones (Table 5) while Gonyaulax occurred at all
locations exceﬁt'09/oo. P. minimum was found most frequently in Ruskin
Inlet and Tampa Bay (Table 5) although the highest populations were
found "in Ruskin Inlet (Figs. 53 and 54), P. aciculiferum occurred
within the river and Ruskin Inlet with greater frequency than Tampa Bay
(Table 5) suggésting a preference for low to intermediate salinities.

. ‘The seasonal abundance of blue-green algae is governed more by the
August-October Schizothrix bloom than by salinity (see Figs. 26,41 and

88,89). As noted above, the August and September maxima were the result

17



of a bloom of this species. Only one species, Nostoc sp., occurred at
all location-(Table 5) but only for a limited period. _
Chlorophytes, as one might expect, occurred more frequently at the

loﬁer salinity zones (Tgble 5, Figs. 90,91)., Scenedesmus quadracauda

and Schroederia setigera were occassionaly found in Tampa Bay after

periods of elevated river flow. Eutreptia spp. and other euglenoids
were most common in Ruskin Inlet (see Figs. 51,52, Tables 4,5). These
species are indicators of organic rich areas and are associated with

eutrophication. They rarely occurred at other locations,
Similarity Index

This index is based on the presence or absence of a species in the
combined replicate counts for each station. The community in Tampa Bay
for any given sampling date was compared to all LMR stations (Table 6).
Although there is qonsiderable seasonal variation in similarity at a
given station, the general trend is for a decrease in the annual average
similarity from the mouth to the head of the river. The fact that 207
of the species found in Tampa Bay also occurred at 0%/00 salinity with a
fair degree of consistentcy indicates the euryhaline nature of the
community in Tampa Bay and suggests that transport of Bay water with
accompanying cells to the head of the river occurs regularly, Although
34 of the 204 species or groups identified were found at 0°/00 and Tampa
Bay (see Table 5), most were blue-greens and chlorophytes; species
characteristic of fresh water habitats, Estuarine diatoms and

dinoflagellates such as N, closterium, N. longigsima, §. costatum, C.

subtilus and P. minimum, which are commonly found at higher salinities,
occurred at the freshwater location which suggests up~river transport.
Ruskin Inlet displaysbas much similarity with Tampa Bay as does the
12%/00 salinity zone with an annual average of 0.36. The salinity at
Ruskin Inlet varied considerably throughout the annual cycle (Fig. 4).
Similarity index values averaged greater than 0.3 at Ruskin Inlet when
salinity was greater than 11°/oo;'which also emphasizes the euryhaline

nature of the phytoplankton community.
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Diversity Index

The Shannon-Weaver diversity index is a measure of the species
richneés (number of species) and the proportion of the total community
that speciesbrepresents. Therefore, it can also be viewed'as an index
of the eveness of distribution of populations within a community. Low
values will be calculated if few species are present or if a few‘species
contribute the bulk of the total pbpulation abundance, 1.e., a
relatively monospecific bloom. | A

The seasonal variation in diversity is high at all statioms and
exhibits a wide range (from 0.0 at Tampa Bay on June 15 when only ome
species was identified to genus to -4.599 in Ruskin Inlet on August 10,
Table 7). The annual means indicate increasing diversity and eveness of
distribution among species in the upstream direction. However, the
annual variability at each river station suggests that there would be no
significant difference between the annual means for each river station.
The annual means for both Tampa Bay and Ruskin Inlet are lower than for
the other river stations whichbreflect the periodic blooms dominated by
one or two speciés that occur at these two stations. Although both have
high specles richness (i.e, a high number of species present), the
dominance in the community by one or two species, wi:h.others present in

low relative abundance, yields a low Shannon-Weaver index.
Cell Volume and Cell Surface Area

Cell size measurements were made on a total of 43 species which
could be approximated by geometric shapes from which volume and surface
area.could be calculated. An average cell size, based on measurements
of the same species from different sampling dates, was used in all
calculations of total cell volume and surface area. Although cell size

for a given species did vary between samples, the variation was small

- relative to differences in total abundance. Since the objective of this

part of the study was to détermine if the numerical dominant also
dominated the community with respect to cell volume and surface area,
parameters which have ecological and physiological relevance, the

average cell size was used in all calculations.
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Total cell volume and total cell surface area for all available
species 18 presented in a table in Appendix 1. Since data were not
available for all species counted at each station, total cell volume and
surface area could not be calculated. Therefore, since microflagellates

and the diatom, Skeletonema costatum, were the numerical dominants at

_essentially all stations for most of the year (see Table 4 and Appendix

1), they were chosen to highlight the annual cycle of cell volume (see

Figs. 94 to 105).

In Tampa Bay (Figs. 94,95), microflagellates and §. costatum

co-occurred on 20 of 26 sampling dates. Total cell volume for

microflagellates was greater than for S. costatum on only two of those

dates (April 6 and June 29), On April 6, the diatoms Chaetoceros

neogracile and Ceratulina bergonii and several minor species dominated

the community with respect to cell volume (3,170,283 um3). Similarly,
on June 29, the diatom Thalassionema nitzschoides was both the numerical
and cell volume dominant (17,474,836 um3).

At 18%/00, microflagellates and S. costatum co-occurred on 20 of 26

sampling dates with microflagellate cell volume greater than §. costatum’

on 4 dates (Appendix l). However, with the exception of the December 8§
sampling date, total diatom cell volume was greater than
microflagellates (Figs. 96,97)., The same result was obtained for the
12°%/00 station (see Figs. 98,99; Appendix 1) with May 18 being the onlyv
date when microflagellates dominated numericélly and by cell volume,

S. costatum and microflagellates co-occurred om 19 sampling dates
at the 6°/00 salinity zone with 9 dates when microflagellate cell volume
was greater then S. costatum (Figs{ 100,101). As at other stationms,
total diatom cell volume reduced the times when microflagellates
dominated numerically and‘volumetrically to 3. Although the overall
abundance of microflagellates was greater at Rusgkin Inlet than at any

other LMR station, this group was never dominant with respect to cell

volume (Figs, 102,103)., At 0°/00, microflagellates and S. costatum

co-occurred on 18 of 26 sampling dates yet flagellates dominated

volumetrically on only one of those dates (see Figs. 104,105). However,

there is a question of the viability of S. costatum at this location.

Cells always had a dense appearance without distinct chloroplasts and

the intracellular space was much reduced. A definitive determination of
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viability cannot be made, so for the purpose of this'study we will only
report this species presence and contribution to the community with no

assumption of viability,

PRODUCTION AND NUTRIENT ADDITION EXPERIMENTS

Voiumetric Production Rates (mgC m’3 hr-l) and Productivity Index (mgC
mgChl-1 hr_l) ‘

Volumetric productivity and the productivity index (PI) are based
on the ON,OP replicate samples incﬁbated at approximately 300 uE m_z s—1
at the temperature at which samples were collected. The irradiance
value was chosén to yield maximum production rates without
photoinhibition responses. With a surface irradiance of 1900 uE 111_2‘3-l
this value 1s approximately 16% of the surfaée intensity. Based on the
annual average extinction coefficients (Table 2), an irradiance of 300
uE m-z s;-1 would be found between 0.6m and l.6m at the 0°/00 and Tampa
Bay stations, respectively. It should, therefore be close to an average
water column. irradiance. Since light was constant for all sampling
dates, productivity and the PI should only vary with temperature,

biomass or nutrient availability.
Tampa Bay

Volumetric production rates in Tampa Bay were generally 1low

-3

throughout the Fall and Spring with values of 50 mgC m hr-1 or less

(Fig. 106). From June through August, production increased dramatically

3 hrgl. The maximum in

with elevated rates all greater than 100 mgC m
early June corresponds to a period of low cell counts (see Fig. 23) with
microflagellates numerically dominant {see Fig. 24) and minor diatom
populations. Chlorophyll concentrations were elevated from the previous
sémple- date (see Fig. 16). The annual minimum ‘occurred in early
September during the period of maximum river flow (Fig. 2). The peak
that occurred on the last sample date in September 1is displaced by one
sample period from the October chlorophyll maximﬁm but occurs when the

community was dominated by the blue-green alga, Schizothriz. The annual
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average for production at the Tampa Bay station was 89.88 mgC m > hr -
which ranked second of 4 stations (Table 2). _

The P1 displays considerable seasonal variation, with values that
range from less than 1 to greater than 20 (Fig. 107). Lowest values
occur during April and May when cell counts were low and chlorophyll
concentrations were highly variable. Microflagellates numerically
dominated the community with diatoms comprising less than 20% of the
total abundance. However, for the remainder of the year, the PI was
greater than 5 which can be considered indicative of nutrient replete
populations (Curl and Small, 1965, Eppley et al., 1973, Eppley, 1981).
From September through January, 1989, the PI was relatively constant
despite wide variations in chlorophyll and total abundance.

18°/00 Salinity Zone

Volumetric production rates at this salinity zone were relatively
constant throughout the year (Fig. 106). Rates were always less than
100 mgC m—3 hr-1 with an annual minimum during the September period of
high river flow. In September'and October, when the 18°/oo salinity
zone was located in Tampa Bay, production rates for the Bay were assumed
to be equivalent to 18%/00.

The consistency of production rates at this station correspond to
its 1low ranking 1in total population abundance and chlorophyll
concentration., With an annual average of 50.89 mgC m-3 hr-l it was
again the lowest ranked station (Table 2).

However, populations at this station displayed the highest PI (see
Table 1) which also showed a high degree of consistency (Fig. 107)
despite a four-fold varifation in chlorophyll concentration and wide
fluctuation in total abundance. All PI values at this salinity zone
were above 5, with the majority above 10, which 1s indicative of

nutrient sufficient populationms.
12°/00 Salinity Zone

As at 180/00, the annual cycle at this salinity zone displays less
variation than in Tampa Bay with volumetric production rates generally
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_ less than 100 mgC m

3 hr"1 (Fig. 108)., However values greater than 100

occur fromv-'June‘ through early August., The maximum occurs during the
first sample in July and corresponds to the chlorophyll maximum and the
maximum in total abundance. There i1s no general relationship with total
abundance, however, since this station displayed the greatest sample to
sample variation of any location (see Fig, 33),

The PI is essentially constant throughout the year at approximately
10 mgC \:ugChl-1 hr-l. The essentially constant PI for this station
suggests that production was strictly a function of biomass with no

nutrient limitation,

00/09 Salinity Zone

Volumetric production rates at this salinity zome display a high
degree of annual variation (Fig.108) reflecting a sgimilar degree of

variability in chlorophyll concentration (see Fig. 21). Decreasing

production during July, August and September reflects low cell. counts
(see Fig. 43), low chlorophyll "concentrations and increasing stream

flow. The October production maximum corresponds to the chlorophyll

maximum and a diatom bloom of the genus Cyclotella.

The PI displays the same consistency noted for the previous
salinity zone (Fig. 109) although values aré lower during fall and
winter. The makimum value of 17 occurred on September 22, ‘when
chlorophyll and cell counts were low and microflagellates contributed
80% of the total abundance. |

This salinity zone had the highest mean annual production rate
(122.25 mgC m> hr ') but ranked lowest with a PI of 8.79 mgC mgChl "

hr~1 (Table 2).

Effects of Nitrogem and Phosphorus Additions on Short-term
Photosynthesis

Potential nutrient limitation of short-term photosynthesis (3 hr.
incubations) and potential unitrogen 1limitation of the community was
assessed in two ways: 1. Nitrate and phosphate alone and in combination

were added to'replicate bottles incubated in the light at 300 uE m_2 s—1
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to assess 1f sgtimulation, inhibition or no effect occurred during
photosynthesis and, 2. An ammonium addition was made to replicate dark
bottles to determine the effect on carbon-14 uptake in the dark. The
latter effect was assessed by calculating the ratio of CPM (counts per
minute) in the dark bottles (D) with (+) and without (-) ammonfum and by
calculating the actual production rate in the ammonium addition bottles
over and above the standard dark bottle correction (Table 8; D+/D- =
CPM/CPM; VD+ - VD- = mgC m-3 hr-l). Addition of ammonium to nitrogen
limited populations should enhance dark carbon-14 uptake (Morris et al.,
1971; Elrifi and Turpin, 1987).

The effect of nitrate and phosphorus additions on photosynthesis is
shown 1ﬁ Figs. 110 to 121 for the four stations at which carbon-14
uptake measurements were made. The results are expressed as the
difference in the average photosynthesis rates between the bottles
receiving a nutrient addition and those receiving no addition‘(ON, 0P).
Thus a positive value indicates an enhancement of photosynthesis as a
result of the nutrient addition while a negative value indicates
inhibition. The productivity 1index rather than the volumetric
production rate was used since the differences will be smaller numbers
which reduces the range of values used in the plots. Since all
photosynthesis measurements were only done in duplicate, statistical
analyses were not performed. However, if the difference between the PI
index for any nutrient addition and the index for ONOP was equal to or
greater than 2, the range of each replicate was examined. If the range
for each treatment overlapped, then I inferred there was no difference
between treatments.

Additions - of mnitrate and phosphate had 1little effect on
photosynthesis at any station. Differences between samples with and
without nutrient additions were generally less than 2. There were
however some specific sampling dates at each station where the ranges of

the paired bottles did not overlap. For example, in Tampa Bay the

addition of nitrate alone reduced photosynthesis in the July 28 sample

(Fig. 110), while the addition of phosphate alone or in combination had
no effect (Figs, 111,112). Although there appears to be an ernhancement
of photosynthesis by the addition of nitrate and phosphate to the June
15 sample (Fig. 110), the ranges of both sets of replicates overlapped
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considerably. Phosphéte alone reduced photosynthesis in the Feb. 10
sample (Fig. 111), but no other effect was noted. The addition of
nitrate and phosphate in combination produced a trend for reduction in
photosynthesis throughout the jear (Fig. 112), however, none of the
differences were significant, '

At 18°/00 the addition of nitrate enhanced photosynthesis only in
the July 14 sample (Fig. 113), whereas the addition of phosphate alone
and in combination with nitrate enhanced carbon-14 uptake in samples
from June 29 through August 10 (Figs. 114,115)., This 1is somewhat
enigmatic since phosphate concentrations at this station were always
present in excess with concentrations never less than 45 ug 1-1 (4.7'ug
at 1-1).

The degree of stimulation/reduction ih samples from the 12 °/oo
salinity zone showed a mixed seasonal response, Nitrate addition
yielded a significant enchancement only in the January 24, 1989 sample
(Fig. 116). Phosphate additions enhanced photosynthesis in March, July
and January, 1989 while causing a significant reduction in August (Fig,
117). When added in combination with nitrate; phosphate only enhanced
photosynthesis in October (Fig. 118),

At O o/oo, the addition of nitrate alone, phosphate alone and in
combination reduced photosynthesis significantly on only two dates,
April 18 and August 30 (Figs. 119,120,121). Neither inorganic nitrogen
or phosphorus concentrations were depleted in the water column on either
date and the August sample coincided with minfimum chlorophyll
concentrations and low numerical abundance. '

Ammonium additions enhanced dark carbon-14 uptake on a majority of
sampling dates at all stations based on the calculation of VD+ - VD-
(Figs. 122 to 125). However, the ratio of D+/D- exceeded 2 only on 2
occasions (July‘28 at 18°/00 and April 18 at 12°/oo, Table 4) with
almost.  all values falling in the range of 1 to 2. Therefore the degree
of enhanced dark carbon-14 uptake following nitrogen addition must be
considered as a trend indicative of nutrient sufficient to borderline

nitrogen limitation.
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DISCUSSION
Community composition and abundance

The phytoplankton community in the Little Manatee River and at the
Tampa Bay station consists of a seasonally wvarying mixture of
representative-species of diatoms, dinoflagellates, microflagellates and
chlorophytes with a sporatic occurrance of blue-green algae. A total of
91 taxa of diatoms (some only to genera), 35 dinoflagellate taxa, 57
chlorophytes, 6 blue-green alga genera, 3 silicoflagellates and several
representatives of other diverse microalgal groups were identified and
-counted. Microflagellates, which consisted of a diverse group of
unidentified species, were not ildentified to a specific taxon but were
counted as-a group. The number of taxa are comparable to the extensive
list of phytoplankton summarized by Steidinger and Gardiner (1985, see
their Table 1). Similarly, total abundance at the LMR Tampa Bay station
is comparable to that reported by the City of Tampa (COT, 1981) for
their Station 13 in mid-Tampa Bay and exhibits a similar seasonal cycle
with lower population density during March, April and May and a series
of blooms throughout the summer, fall and winter. Seasonal average cell
counts for the LMR reported by Turner and Hopkins (1974) are lower than
the annual averages calculated for this study (Table 2). However, their
station locations appear to have been near the mouth of the river which
had the lowest average total abundance. Differences in counting methods
must also be taken into account and perhaps more importantly, there is
no information available on inter-annual variability for the LMR,

Seasonal phytoplankton cdmmunity dynamics in the LMR and at the
Tampa Bay station can be characterized as exhibiting a series of
re-occurring blooms with a semi-monthly to monthly frequency., With the
exception of the period of increased river flow in August-September and
the Schizothrix bloom in Tampa Bay which invaded the river, there is no
distinct seasonal pattern of abundance common to all ‘river locations.
However, populations of several species and groups displayed a
seasonality in abundance and dominance that occurred at the Tampa Bay
station and all riQer locations suggesting a linkage between the river

and Tampa Bay.
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The ubiquitous diatom, Skeletonema costatum, can be considered the

dominant species during the entire year in the LMR and Tampa Bay., It
was an important component (both numerically and as cell volume) of

blooms at all stations, Steidinger and Gardiner (1985 and references

- therein) and Turner and Hopkins (1974) also described this species as

the dominant in the entire Tampa Bay system. Blooms of other diatom

species (e.g. Ceratulina  bergonii, Thalassionema nitzschoides)

contributed substantially to the community during summer blooms at
salinity zones greater thamn 12°/oo. Several Chaetoceros spp. (C.

subtilus, C. socialis and C. neogracile) were almost always present in

all salinity zones and contributed to the dominance of diatom
populations with respect to total cell volume (see Appendix 1).
Microflagellates, which includes picoplankton sized cells (0.2 to 2,.0um)
were numerically dominant in Tampa Bay during spring and fall and in
Ruskin Inlet during spring and summer. However, this group was the
numerical dominant at all other LMR stations for most of the year. This
was particulary true for the 12 Vand 60/00 salinity zones where
microflagellate populations contributed 76.1% and 65.37Z of the total
phytoplankton abundance, respecitively. Diatoms contributed 31.4% of
the total abundance at 0%°/00 which contrasts with the intermediate
salinity ranges where diatom abundance decreased (27.2% at 180/00, 17.5%
at 12°/00, and 21.3% at 6%°/oo). -Similar results for Tampa Bay were
reported by Dragovich and Kelly (1964) and summarized by Steidinger‘and
Gardiner (1985). 1In estaaries, coastal and oceanic waters this group
can contribute 30 to 90% of the biomass and primary production (Malone,
1977, 1980; Dhrbin et al,, 1975; Takahashi and Bienfang, 1983, Stockner,
1988)., Although numerically 1mpoftant in the LMR and Tampa Bay,
microflagellatés did not dominate with respect to cell volume. Nutrient
uptake rates aﬁd growth rates (to a limited extent, Banse, 1982) are
cell size dependent and water column production has been related to cell

volume and surface area (Smayda, 1965, Paasche, 1960). Measurements

required to evaluate the role of microflagellates in the LMR

pﬁytdplankton community at the functional and process level have not
been made, nor is there information avajlable on their contribution to
food web dynamics in the LMR system. Such information must be obtained
for a complete evaluation of this group in the phytoplankton community
dynamics of the Tampa Bay syétem.
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The number of taxa recorded during this study suggests a high
degree of species richness or diversity in the phytoplankton community.
Calculations of diversity (Table 7), however, yield annual averages that
range from 1.231 to 1.833., Margalef (1968) indicates values of 2.5 are
common for actively growing coastal phytoplankton populations, 3.5 to
4.0 in the latter stages of succession and less than 2.5 for estuaries
while ranges of 1 to 2.5 occur 1in eutrophic lakes. Ignatiades and
Mimicos (1977) derived values of 3.15 and 2.37 for unpolluted and
polluted coastal waters respectively. Similarly, indices in the range
of 0.4 to 2.6 with an annual mean of 1.7 were calculated for the highly
polluted Newark Bay, N.J. (McCormick and Quinn, 1975). Values for the
LMR and Tampa Bay are within the same rahge és found in Newark Bay with
~ annual averages of approximately 1.7. McCormick and Quinn (1975) used
the same calculation of diversity as in this report and used Genus as
the lowest taxonomic criterium. Therefore the Newark Bay and LMR
diversity estimates are entirely cohparﬁble. Low diversity indices and
high annual average biomass are indicative of an eutrophic estuary.
Elevated nutrient levels, particularly phosphate, silicate and ammonium,
are also 1indicative of‘ an enriched estuary, The lack of nutrient
limitation of short-term photosynthesis (discussed below) suggests
nutrients were not limiting photosynthesis and were sufficient to
support the phyteoplankton standing crop.

Eutrophication within the IMR 1is, however, a matter of degree.
Stations at Ooloo and Ruskin Inlet, with elevated biomass, cell counts
and production (00/00) are at one end of the spectrum, while the 18°/oo
salinity zone was at the other, This latter station had the lowest
total abundance, chlorophyll concentration, production and highest PI in
the river (Téble‘ 2); chgracteristics which are not indicative of
eutrophication. Annual mean values for ammonium and phosphate at Ruskin
Inlet,‘18°/oo and 12 °/oo were 0.072 and 0.351, 0.088 and 0.333, 0.087
and 0.324 mg l-l, respectively, Silicate concentrations were higher at
Ruskin Inlet and 12 °/oo than at 18°/oo {3.54, 3.03 and 2.21 mg 1-1,
respectively), but this element was always available in excess. Since
the average extinction coefficient at 18°/oo yields a 1Z light level of
3.9 meters, well below the average bottom depth for this salinity zone,

factors other than 1light or nutrients must be governming phytoplankton
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abundance and production. Althodgh the conclusion regarding the LMR as
a eutrophic system may not apply directly to the 18°/oo salinity zone,
excess nutrient availability and its diversity index does not exclude
it, , | |

Several other points regarding specles composition in the LMR and

Tampa Bay are of interest. Transport of the blue-green alga,

Schizothrix, which invaded the river from Tampa Bay, the presence of

Skeletonema costatum at the 0°/oo station and the annual average of 207

of Bay species at 0°/00 (Table 6) indicates significant interaction
between - the mouth and head of the river. Tramsport of freshwater
species to Tampa‘Bay also occurred but, as noted above (see Similarity
Index section), the presence of several species of estuarine diatoms,
commonly found in Tampa Bay suggests upstream traﬁSport does occur.
Although the S. costatum bloom in October at the fresh water station
coincided with a bloom at all other stations and Tampa Bay, and there is
a question about the viability of this species at this low salinity, its
presence is relevant to any future studies or models of carbon flux and
trophic interactions in the LMR.

Phytoplankton biomass, as indicated by chlorophyll levels, 1is
primarily a product of growth in the river system. Chlorophyll
concentrations at the Wimauma station (see Fig. 22), which is upstream
from all LMR salinity zones, were considerably lower than the 0°/00
salinity zone and all other regions of the LMR. Therefore, elevated
biomass in the LMR is the result of growth within the river system.

The eutrophic character of Ruskin Inlet is further emphasized by
the alwost year-round presence of two motile Chlorophytes, Eutrégtia sp.
and Euglena sp.. Both genera are phagotrophic and are associated with
‘areas of high' organic pollution (S. Wicks, pers. comm,). Attention

should also be paid to the presence of Prorocentrum minimum as a member

of the community in Ruskin Inlet. This specles 1is responsible for
massive red-tide blooms in 6ther areas (e.g. Chesapeake Bay: Tylef and
Seliger, 1981) and is euryhaline and eurythermal.

Another species of interest is the chain forming pennate diatom,

Nitzschia pungens.' This species was a significant component of the July

28 bloom in Tampa Bay and occurred at all other stations except 0°/o0.

It is now known to produce domoic acid, a toxic excitory amino acid,
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which has recently been implicated as the causative agent of Amnesic
Shellfish Poisoning. Over 100 people from Prince Edward Island, Canada
became intoxicated with syﬁptoms that, in their advanced stage, cause
memory loss (Smith et al,, 1989; Subba Rao and deFritas, 1989 and Todd,
1989), Little information is available about the quantity of toxin
produced, clonal variation or the population levels necessary to cause
shellfish toxicity.

Nutrient addition experiments

The use of short-term photosynthesis measurements with nutrient
additions as a measure of potential nutrient limitation has been
summarized by Elrifi and Turpin (1987) for nitrogen and by Lean and Pick
(1981) for phosphorus in fresh waters. In both cases, photosynthesis is
reduced over the short-term as a result 6f competition for available
carbon skeletons and directing available energy to nutrient uptake when
cells are nutrient limited. This reduction in carbon-14 uptake was
measured in the first tens of minutes to 2-3 hours by Elrifi and Turpin
(1987) after the addition of nitrate, nitrite or ammonium to nitrogen
deficient cells and within the first 3 hours for phosphorus additioms to
cultures and natural populations of freshwater phytoplankton (Lean and
Pick, 1981). Uptake rates of N or P by nitrogen and phosphorus limited
cells in the l4ight are enhanced relative to nutrient sufficient cells
(see Morris, 1980 and Harris, 1986), which, over the long term (24 hours
or longer), results in enhanced photosynthesis and biomass proportional
to the concentration of the limiting nutrient,

Enhancement of carbon-14 uptake in the dark upon the addition of
ammonium was dsed_ as an 1indicator of N=-limitation in cultures and
natural populations by Morris et al. (1971) and Yentsch et al. (1977).
Elrifi and Turpin (1987) subsequently postulated a mechanism for this
enhanced 002 uptake in the dark and demonstrated enhancement in the
ratio of dark uptake with and without ammonium in cultures over a range
of N-limited growth., The ratio bincreased to approximately 3 in
populations under severe nitrogen limitation while a ratio of | was

indicative of nutrient sufficient populatioms.
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Enrichment of samples from Tampa Bay and 3 LMR stations with
nitrate and phosphate does not show consistent reduction (or
enhancement) of photosynthesis. There is a general trend toward a
reduction of photosynthesis with both N and P additicm at all stétions,
however this cannot be statistically demonstrated. When significant

* (with respect to a difference greater than 2) reduction or enhancement

did occur, the results were not consistent with water column nutrient
levels. ' -

The enhancement of dark carbon-14 uptake upon the addition of
ammonium did yield‘consistent ratios greater than 1 at all stations for
a majority of sampling dates., With the exception of D+/D- ratios (CPM
with ammonium/CPM without ammonium) greater than 2 at 18°/oo on July 28
and at 12°/oo on May 18 (Table 8), all ratios were lesé than 2, Using
the results reported by Morris et al, (1971) and Elfifi and Turpin
(1987) as a basis for determining N-limited populations, communities in

Tampa Bay and the LMR could be considered nutrient sufficient or

"borderline N-limited for short-term photosynthesis. This conclusion is

supported by the average annual PI, which for all locations was greater
than 8 (Table 2), Values of 3 or less are generally indicative of
nutrient limited populations or populations from oligotrophic waters,
whereas values above 5 are generally indicative of nutrient replete
populations (Curl and Small, 1965; Malone, 1971; Eppley et al., 1973).
Additionally, when environmental conditions do not limit photosynthesis,
there should be a direct relationship between the photosynthetic rate
and biomass., This relationship was examined for Tamﬁa Bay and the LMR
production stations (Figs. 126 to 130). 1In Tampa Bay, the relationship
vield a correlation coefficient (rz)bof 0.64 if the two outlying points

“from May 4 andVOCther 11 are deleted. At 18°/00, 12°/00 and 0%/00, the

r2 values are 0.59, 0.96 and 0.83, respectively (Figs. 127,128 and
130). - All suggest, especially the relationships at 12°/oo and 0%/00,
that production was governed by the-biomassvpresent with no nutrient
limitation. Light was constant during the incubation periods and there
was no relétionship between the PI and temperature (e.g. at 12°/oo, Fig.
129), If we assume that‘our experiments measured something close to the
real Pmax value for the water column then, the results suggest that

neither temperature nor nutrients were limiting short-term
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photosynthesis rates in Tampa Bay or the 3 LMR salinity zones.

This consistency in the PI index, especially for the 12°/°°Vand
0°/oo salinity 2zones, 1s even more remarkable given the changes in
community composition based on numerical abundance that occurred at
these and other stations., Variations in PI with both the size structure
and composition of phytoplankton communities are well documented (see
Malone, 1980a,b). Taguchi (1976) reported that Pmax normalized to
chlorophyll (i.e. the PI index) decreased rapidly with cell size between
5 and 10 um spherical diameter and remained relatively comnstant for
species with diameters between 25 and 170 um . Although
microflagellates were the numerical dominants at 12°/00 throughout the
year, S. costatum or other diatoms dominated with respect to cell
volume., This implies that the diatom populations were of primary
importance from a physiological and, therefore, process standpoint.
This remains to be tested. Another interpretation of this consistency
in the PI is that all components of the community were equally efficient

at photosynthesis under the prevailing envirommental conditioms.

POTENTIAL FOR EUTROPHICATION IN THE LMR

Although the data suggests that short-term, potential
photosynthesis was not nutrient limited, this should not be taken to
imply that limitation of longer-term growth or biomass did not occur.
Discontinuous nutrient supplies, patchiness (both temporal and spatial)
and high uptake rates during periods of nutrient availability will allow
cells to fill internal storage compartments which can then be utilized
to maintain photosynthetic rates (see Eppley, 1981). Coastal and
oceanic phytoplankton populations can exhibit photosynthetic rates,
uptake rates and compositional ratios which are indicative of nutrient
sufficient populations (Sakshaug, 1980; Eppley, 1981) when in situ

nutrient levels are virtually undetectable. As long as biomass remains

low and relatively constant (at steady-state as 1in a chemostat),

resuﬁply rates via remineralization processes regulate growth and
production (Smayda, 1983). Increasing the rate of remineralization or
the absolute availability (concentration) will allow an increase in

growth and, therefore, biomass. In this sense, the steady-state
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population may not exhibit indications of nutrient limitation but growth
and biomass would be conéideted as limited.

Examination of the water coluﬁn concentrations of ammonium,
nitrate, total dissolved inorganic nitrogen (DIN), and phosphate (Figs.
131 to 154), indicates that phosphate 1is always present in excess while
ammonium, nitrate and DIN concentrations vary considerably and are at

times at the limits of detection in the LMR and Tampa Bay. Ammonium

' concentrations, however, vary widely and contribute most of the nitrogen

to the total DIN supply. Although there is usually measureable DIN in
the water column, the ratio of Nitrogen:Phosphorus (N:P) either as

nitrate or DIN were low with values less than 2 for most of the year in

the LMR and Tampa Bay. Ratios of the same magnitude were compiled by
Fanning and Bell (1985) and by Turner and Hopkins (1974) for Tampa Bay

and 1its tributaries. 'They also describe theilr relationship with
potential nitrogeh limitation of phytoplankton communities, Under
conditions of low N:P ratios, increaéing the concentration of available
nitrogen should yield increased biomass.

Nitrogen additions to samples collected‘at the 12°/oo salinity zone
in the LMR and Tampa Bay are being conducted as part of the second year
study. Preliminary results for the first five months are shown 1in
Appendix 2. With the exception of the April sample in both Tampa Bay
and the river, nitrogen additions yield a dramatic increase in
chlorophyll 1levels, particularly in the greater than 12 um size
fraction. This size fraction is dominated by chain-forming diatoms,

particularly S. costatum and Chaetoceros spp.. Both can be considered

r-selected species (Kilham and Kilham, 1980) that can outcompete others
due to‘high nutrient unlimited growth rates. The addition of silicate
alone and in éombination with 25 uM nitrogen does not increase yield
over the nitrogen addition alone (Appendix 2). High silicate levels in
the LMR and Tampa Bay (Figs. 155 to 160) with concomittent low N:Si
ratios should favor the selection of diatoms over other groups of
phytoplankton (Sommer, 1986; Doering et al., 1989) which will dominate
the community if their intrinsic growth rates are high. If silicate

concentrations in the LMR were low, with concomittent low nitrogen

. levels, then groups such as flagellates or nitrogen fixing blue-green

algae would have the ability to outcompete diatom populations.
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Blue-greens and other nuisance algae predominéte in lakes at N:P ratios
higher than found in Tampa Bay and the LMR (Schindler, 1977; Barica et
al., 1980), Therefore it is plausible to suggest that the community
structure in the LMR and Tampa Bay, with a dominance by' diatom
populations and a "normal" community composition of flagellates and
diatoms is dependent upon the availability of silicate.

. Increased nitrogen loading of this estuariné system will increase
the phytoplankton yield as our Year 2 experiments demonstrate and as the
low N:P ratios suggest. The fact that this report suggests the
phytoplankton community 1s nutrient sufficient with respect to
short-term photosynthesis does not negate the previous statement.
Little to no growth 1is observed 1in samples receiving no nitrogen
addition i1in our current work, Therefore, the community 1is at
steady-state with respect to in situ nutrient levels, or some other
environmental factor is limiting growth. Since nitrogen addition alone
increases yield, other growth factors are not limiting. The potential
for increased eutrophication in the LMR and Tampa Bay 1is, therefore,

high if increased nitrogen loading occurs.

34



f ) : . < ; . q .
A ) : 3 '

i v

g . . 3 C ¢

REFERENCES

Banse, K. 1982, Cell volumes, maximal growth rates of unicellular algae
and ciliates, and the role of ciliates in the marine pelagial.
Limnol. Oceanogr. 27: 1059-1071.

Barica, J., H. Kling and J. Gibson. 1980. Experimental manipulation of
algal bloom composition by nitrogen addition. Can. J. Fish. Aquat.
Sci. 37: 1175-1183.

Bienfang, P.K. and J.P. Szyper. 1981, Phytoplankton dynamics in oceanic
waters off Ke-ahole Point, Hawaii. Deep Sea Res., 28: 981-1000.

Carpenter, E.J. and, J.S. Lively. 1980. Review of estimates of algal
growth using = C tracer techniques. In: Primary Productivity in the
Sea, P.G., Falkowski (ed.), pp 161-178. Plenum Press, New York.

City of Tampa. 198l. Final report of the Hillsborough Bay water quality
monitoring program, March 31, 1981. Department of Environmental
Regulationm,

.Curl, H. and L.F. Small. 1965. Variations in photosynthetic

assimilation ratios in natural, marine phytoplankton communities.
Limnol, Oceanogr. 10: (Suppl. R67-R73).

Doering, P.H., C.A. Oviatt, L.L. Beatty, V.F.. Banzon, R. Rice, S.P.
Kelly, B.K. Sullivan, and J.B. Frithsen., 1989. Structure and
function in a model coastal ecosystem: silicon, the benthos and
eutrophication. Mar. Ecol, Prog. Ser. 52:287-299,

Dragovich, A. and J.A. Kelly, Jr. 1964, Preliminary observations on
phytoplankton and hydrology in Tampa Bay and the immediate adjacent
offshore waters. In: A collection of data in reference to red tide
outbreaks during 1963, pp.4-22. Florida Bd. Conserv. (mimeo).

Durbin, E.G.,, R.W. Krawiec, and T.J. Smayda. 1975. Seasonal studies on
the relative importance of different size fractions of
phytoplankton in Narragansett Bay (USA). Mar. Biol. 32: 271-287.

Elmgren R., G.A. Vargo, J.F, Grassle, J.P. Grassle, D.R. Heinle, G.
Langlois, and S.L. Vargo. 1980. Trophic interactions in
experimental marine ecosystems perturbed by oil. In: Microcosms in
Ecological Research, J.P. Giesy, Jr (ed.), pp779—800. TIiC, U.S.
Department of Energy, Washington, DC.

Elrifi, I.R. and D.H. Turpin. 1987. Short-term physiological indicators

- of N deficiency in phytoplankton: a unifying model. Mar. Biol. 96:
425-432,

Eppley, R.W. 1981, Relations between nutrient assimilation and growth in
phytoplankton with a brief review of estimates of growth rate in
the ocean, In: Physiological Bases of Phytoplankton Ecology, T.
Platt (ed.), pp 251-263, Can. Bull, Fish, Aquat, Seci. 210. Ottawa,
Can.. ’

Eppley, R.W. and E.B. Renger. 1974. Nitrogen assimilation of an oceanic

35



diatom in N-limited continuous culture. J. Phycol. 10:15-23.

Eppley, R.W., E.H. Benger, E.L. Venrick, and M., Mullin, 1973, A study
of plankton dynamics and nutrient cycling in the central gyre of
the North Pacific Ocean. Limnol. Oceanogr. 18: 534-551,

Fanning, K.A, and L.M. Bell. 1985, Nutrients in Tampa Bay. In: Tampa
BASIS, S.A.F, Treat, J.L. Simon, R.R. Lewis ITII, and R.L.Whitman,
Jr. (eds.), ppl09-129. Florida Sea Grant College Report No. 65.
Bellwether Press.

Harris, G.P. 1986, Phytoplankton Ecology: Structure, Function and
Fluctuation. Chapman and Hall, New York. 384p.

Ignatiades, L. and N. Mimicos. 1977. Ecological responses of
phytoplankton on chronic oil pollution. Envirom. Pollut. 13:
109-118,

Jeffrey, S.W. and G.F. Humphrey. 1975, New spectrophotometric equations
for determining chlorophylls a, b, c., ¢, in higher plants, algae
and ndtural phytoplankton. Biochem Physiol. Pflanz. 167: 191-194,

- Kilham, P. and S.S. Kilham. 1980. The evolutionary ecology of
phytoplankton. In: The Physiological Ecology of Phytoplankton, I.
Morris (ed.), pp571-597. Univ. of California Press, Berkeley,
Calif,

Lean, D.R.S. and F.R, Pick. 1981. Photosynthetic response of lake
plankton to nutrient enrichment: a test for nutrient limiation.
Limnol, Oceanogr. 26: 1001-1019.

Lorenzen, C.J. 1967. Determination of chlorophyll and pheopigments:
Spectrophotomentric equations. Limnol. Oceanogr. 12: 343-346.

Malone, T.C. 1971. The relative importance of nanoplankton and
' netplankton as primary producers im tropical oceanic and neritic
phytoplankton communities. Limnol. Oceanogr. 16: 633-639.

Malone, T.C. 1980a. Algal Size. In: The Physiological Ecology of
Phytoplankton, I. Morris (ed.), pp433-463., Univ. of California
Press, Berkeley, Calif..

Malone, T.C. 1980b. Size-fractionated primary productivity of marine
phytoplankton. In: Primary Productivity in the Sea, P.G. Falkowski
(ed.), pp 301-319, Plenum Press, New York.

Margalef, R, 1968. Perspecfives in Ecological Theory. Univ. of Chicago
Press, Chicago, I11l., 1lllp.

McCormick, J.M. and P.T. Quinn., 1975. Phytoplankton diversity and
chlorophyll a in a polluted estuary. Mar. Pollut. Bull. 6:
105-106.

Morris, I., C.M. Yentsch, and C.S. Yentsch. 1971. The physiological
state with respect to nitrogen of phytoplankton from low-nutrient
subtropical water as measured by the effect of ammonium ion on dark

36



(-? ' - '-x - '— -
g A i
i .

- W .

carbon dioxide fixation. Limnol. Oceanogr. 16: 859-868.,

Morris, I. 1980, The Physiological Ecology of Phytoplankton. Univ, of

California Press, Berkeley, Calif., 625p. -

Paasche, E. 1960, On the relationship between primary production and
standing crop of phytoplankton., J. Cons. Perm. Int. Explor. Mer.
26: 33-48. :

Sakshaug, E. 1980. Problems in the methodology of studying
. phytoplankton. In: The Physiological Ecology of Phytoplankton. I.
Morris (ed.), pp57-91l. Univ. of California Press, Berkeley, Calif.

Schindler, D.W. 1977. Evolution of phosphorus limitation in lakes.
Science 195: 260-262,

Smayda, T.J. 1965. A quantitative analylsis of the ph¥£op1ankton of the
Gulf of Panama. II. On the relationship between "~ 'C assimilation
and the diatom standing crop. Bull. Inter-Am. Trop. Tuna Comm. 9:
467-531,

Smayda, T;J. 1983. The Phytoplénkton of Estuaries. In: Estuaries and
Enclosed Seas, B.H. Ketchum (ed.), pp. 65-102. Elsevier, Amsterdam.

Smith, J.C., R. Cormier, J. Worms, S. McGladdery, R. Pocklington and R.
Angus. 1989, Toxic blooms of the domoic acid containing diatom.
Nitzschia pungens in the southern Gulf of St. Lawerence during
1988-89, Abstract In: Fourth Intern, Conf. Toxic Phytoplanktom,
June 26-30, Lund, Sweden. ’

Sommer, U. 1986. Nitrate and silicate competition among antarctic
phytoplankton. Mar. Biol. 91: 345-351,

Steidinger, K.A. and W.E. Gardiner. 1985. Phytoplankton in Tampa Bay: A
Review. In: Tampa Bay BASIS, S.A.F. Treat, J.L. Simon, R.R. Lewis
III, R.L. Whitman, Jr. (eds.), pp. 147-183. Florida Sea Grant
College Report No. 65, Bellwether Press. .

Stockner, J.G. 1988. Phototrophic picoplankton: An overview from marine
and freshwater ecosystems. Limnol. Oceanogr. 33(part 2): 765-775,

1Strickland, J.D.H. and T.R. Parsons. 1972. A practical Handbook of

Seawater Analysis, Fish, Res. Bd. Can. Bull, 167, Ottawa, Canada.

Subba Rao, D.V. and A.S.W. deFreitas. 1989. Rates of production of
domoic acid, a neurotoxic amino acid in the pennate marine diatom
Nitzschia pungens, Abstract In: Fourth Intern. Conf. Toxic
Phytoplankton, June 26-30, Lund, Sweden.

Taguchi, S, 1976. Relationship between photosyntﬁesis and cell size of
marine diatoms. J. Physiol. 12: 185-189,

Takahashi, M. and P.K. Bienfang. 1983, Size structure of phytoplankton
biomass and photosynthesis in subtropical Hawaiian waters, Mar,

37



Biol. 76: 203-211.

Todd, E.C.D. 1989. Ammnesic shellfish poisoning - a new seafood toxin
syndrome. Abstract In: Fourth Intern. Conf. Toxic Phytoplankton,
June 26-30, Lund, Sweden.

Turner, J.T. and T.L. Hopkins. 1974. Phytoplankton of the Tampa Bay
system. Bull. Mar. Sci. 24: 101-121,

Tyler, M.A. and H.H. Seliger. 1981, Selection of a red tide organism:
physiological responses to the physical environment. Limmol.
Oceanogr. 26: 310-324.

Yentseh, C.M., C.S. Yentsch, and C.R., Strube. 1977, Variations in
ammonium enhancement, an indication of nitrogen deficiency in New
England coastal phytoplankton populations. J. Mar. Res. 35:
537-555,

38



Table 1 : Location;of Little Manatee River salinity stations and the Tampa Bay station
by Rivermile. Rivermiles were measured as distance from the mouth. Negative
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nuabars indicate distance into Tampa Bay measured in the channel from

- navigation marker #1.

the head of the river.

DateIStation T. Bay

18%

Positive numbers are distances from the mouth toward

122 6% o R. Inlet
01/26/88 -2.27% -0.22 N.D. N.D. 5.7 2.50%
02/10 -0.31 N.D. N.D. 6.1 ‘
02/24 0.44 1.95 3.40 6.5
03/09 0.00 0.83 3.00 4.65
03/22 -1.82 -0.18 1.53 4,15
04/06 1 0.00 2.55 6.00 7.2
04/20 1.30 3.60 6.25 8.45
05/04 1.85 3.70 6.15 8.35
05/18 2.55 6.10 7.23 10.23
06/01 3.70 '5.65 8.30 10.46
06/15 - 4.80 6.60 8.60 10.45
06/29 5.10 6.16 9.60 10.63
07/14 3.50 5.19 8.34 9.85
07/28 1.40 3.50 5.30 7.19
08/10 0.00 0.34 1.15 4.24
08/30 -1.23 -0.91 0.00 3.40
09/08 -2.10 . T.Bay -0.81 0.0
09/22 T.Bay 1.53 4.10 6.25
10/11 T.Bay -0.45 4.20 6.25
10/25 -0.19 1.00 2.72 7.10
11/07 -1.45 -1.18 1.40 4.55
11/21 -0.37 0.95 4.70 7.83
12/08 -1.46 0.80 3.80 7.19
12/20 0.00 1.51 4.65 7.19
01/11/89 0.00 2.70 4.44 7.6
01/24 T.Bay -1.55 0.91 4.24
Average -2.27 +0.65 +2.19 +4.37 +6.76 +2.50
Range 0 -2.10t05.10 -1.55to6.50 -0.81to9.6 0.0tol0.63 O

%*fixed location
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Maximum depths were all within 0.5 m or less of the

irradiance profile.

Table 3 : Percent of surface irradiance at the maximum depth attained during the
bottom.

Inlet

R.

MOR 18% 12%

T. Bay

Date
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01/26/88

02/10
02/24
03/09
03/22
04/06
04/20
05/04
05/18
06/01
06/15
06/29
07/14
07/28
08/10
08/30
09/08
09/22
10/11
10/25
11/07
11/21
12/08
12/20
01/11/89
- 01/24

= No Data'

N.D.

*On this date the MOR station was equivalent to the 18% station.

\

*%0n this date the 18% station was equivalent to Tampa Bay.
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. Table 6 : Simflarity index of comparisons between community composition at

Tampa Bay with all IMR stations.

Station
DATE MOR 18% 12% 6% " R. Inlet 0%
1988 : -
1/26 0.51 0.60 0.49 0.22
2/10 0.60 0.64 0.44 0.16
2/24 0.57 0.47 0.37 0.22
3/9 0.45 0.48 0.33 0.19
3/22 0.57 0.62 0.70 0.35 0.22
4/6 0.61 0.44 0.49 0.21
4/20 N.D. N.D. N.D. N.D. N.D. N.D.
Sl4 . 0.43 0.50 - 0.24 0.62 0.19
5/18 0.60 0.20 0.14 0.33 0.18
6/1 0.40 0.25 0.14 0.50 0.18
6/15 0.25 0.22 0.13 0.22 0.29
6/29 0.50 0.33 0.24 0.50 0.13
7/14 0.36 0.34 0.26. 0.41 0.19
7/28 0.57 0.38 0.23 0.37 0.19
8/10 N.D. 0.55 0.34 0.20 0.09
8/30 0.62 0.53 0.21 0.18 0.26
9/8 0.44 N.D. 0.40 0.34 0.36
9/22 0.32 0.51 0.59 0.32 0.20
10/11 0.35 N.D. 0.52 0.37 0.27 0.16
10/25 0.36 0.33 0.08 0.31 0.24
11/7 0.50 0.36 0.23 0.22 0.12
11/21 0.24 0.29 0.16 0.23 0.24
12/8 -0.48 0.27 0.14 0.47 0.27
12/20 0.42 0.11 0.25 0.36 0.17
1989
1/11 0.23 0.31 0.25 0.39 0.24
1/24 0.24 N.D. - 0.53 .31 0.3 0.21
Annual 0.445 0.388 0.248 0.360 0.205
Mean

N.D. = No Data
" 49
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Table 7 : Values for the Shannon-Weaver diversity index (H) for the combined
replicate counts for each LMR station. Identification to Genus was
the lowest taxonomic criterium used for the calculation; therefore
"unidentified" groups and microflagellates were not included.

‘ H

DATE __ TAMPA BAY MOR 18% 12 9% 6% R. Inlet O%
1988

1/26 -0.450 -2.279 -0.839 -1.673 ©=2.226 -2.863
2/10 -0.684 -1.211 -1.312 -0.895 -2.137
2/24 -0.577 -1.020 = -1.268 ' -2.079 -1.309 -0.938
3/9  -2.385 -2.445 -2.986 -1.936  -0.973
3/22 -3.029 -2.559 -4,068 -3.174 ' -2.415 -2.448
4/6 -1.452 -1.794 -2.016 -1.641 -1.899
.4/20 -- -- -- -- -— - -- -—-
5/4 -1.214 -0.670 -2.285 -1.701  -1.195 -1.534
S/18 -0.360 : -1.454 -1.279 -2.1064 -0.768 -0.264
6/1 -1.023 -1.830 -0.903 -1.259 -0.141 -1.421
6/15 -0.000 : -1.049 -0.484 -1.413 -0.082 -2.157
6/29 -0.492 -1.272 -1.556 -1.916 -0.120 -1.803
7/14 -2.927 -0.457 -1.747 -1.764 -0.619 -2.232
7/28 -0.858 -1.877 -2.399 -2.045 -1.525 -2.090
8/10 -0.909 N.S. -1.609 -2.607 -4.599 -2.566
8/30 -1.879 -3.010 -2.313 -2.193  -2.535 -1.777
9/8 -1.844 , -1.499 N.D. -2.142  -2.102 -1.621
9/22 -1.249 . -1.786 -0.726 -1.653 -2.812
10/11  -1.526 -0.689 N.D. -0.549 -0.878 -0.044 -0.610
10/25 -2.052 : -2.495 -1.520 -1.491 -1.209 -1.291
11/7 -0.845 '-1.586 -1.226 -1.924 -0.390 -2.596
11/21 -1.288 -1.128 -1.403 -1.662 -1.725 -1.899
12/8 -2.032 -2.055 -1.374 -1.338 -1.941 -1.679
12/20. -0.341 -1.944 - -1.887 -2.013  -2.177 -2.089
1989 :

1/11 -0.963 -2.829 -1.478 -2.127 -2.177 -2.089
1/24 -2.440 -1.992 N.D. -2.100 -2.038 -1.348 -2.643
Annual -1.231 - -1.757 -1.718 -1.755 -1.409 -1.833
Mean )

N.D. = No Data
N.S. = Not Sampled
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Table 8 ¢ Ratios of dark carbon -14 uptake with and without the addition of
. ammonium. Ratios are expressed as: CPM with ammonium / CPM without
ammonium (D+/D-) and as the average uptake rate in the dark bottles
with ammonium minus the ayerage uptake rate in dark bottles without
ammon ium (VD+-VD_ ; mgCm “hr ).
T. Bay MOR 9% 0%
DATE D+/D Vpt-Vp.  D+/D- Vo4 Vp- DH/D- Vp,-Vp.  DH/D- V-V
1988 :
1/26 1.18 +0.32 1.09 +0.02 0.92 -0- -0- -0-
' ‘ 18%
1988 ~
2/10 1.58 1.17 1.98 +1.25 0.73 0.90 0.48 N.S
12
1988 :
2/24 1.21 0.14 0.76 -0- 1.15 0.11 1.57 0.54
3/9 1,39 0.46 1.11 0.13 1.28 0.78 1.34  0.34
3/22 1.29 0.46 1.68 = 0.92 1.49 0.45 1.59 0.52
4/6 1.19 0.47 1.24 0.93 1.81 1.68 1.59 1.42
4/20 1.14 0.37 1.32 0.42 1.30 0.52 1.39 0.86
5/4 1.73 0.85 1.62 0.87 1.17 ~ 0.30 1.38 0.74
- 5/18 0.85 -0- 1.34 0.69 2.34 1.91° 1.72 1.58
- 6/1 1.47 1.32 1.32 0.70 1.23 0.39 0.99 -0-
6/15 1.09 0.37 1.61 1.37 1.14 0.49 0.91 -0-
6/29 - 1.36 0.86 1.66 1.46 0.98 . -0- 0.97 -0~
7/14 0.73 -0- 1.63 1.20 1.91 3.81 1.16 0.30
7/28 1.35 1.03 2.21 2.89 0.82 -0- 1.48 0.39
- 8/10 1.14 0.68 0.69 -0- " 1.38 1.44 1.06 0.11
8/30 1.12 1.16 0.93 -0- 1.04 0.22 0.90 -0-
9/18 1.38 0.28 . 0.92 -0- N.S. N.S. 1.19 0.09
9/22 0.82 -0- N.S. N.S. 0.82 -0- 1.13 0.44
10/11 1.69 2.35 N.S. N.S. 0.86 -0- 1.12 0.26
10/25 1.27 0.92 1.06 0.17 1.08 0.24 1.49 1.36
11/7 1.56 0.13 1.43 0.38 1.27 0.30 1.32 0.34
11/21 1.13 0.14 1.19 0.19 1.13 0.18 1.86 1.10
12/8 1.41 0.35 1.11 0.10 1.38 0.30 1.63 0.83
12/20 1.05 0.06 1.37 0.32 . 0.95 -0- 1.26 9.24
1989 -
1/11 1.54 0.59 1.28 0.28 1.62 0.76 1.24 0.44
'1/24 0.63 -0- N.S. N.S. 0.78 -0- 1.02 0.02
-0~ = L-D = 0 or negative
N.§ = Not Sampled
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